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/ ABSTRACT 

I 

Numerous  methods  for  predicting  structure  re- 
sponse to  alrblast  caused  by  HE  explosions  were 
developed  during  the  last  twenty  years.  The  rigor, 
complexity  and  sophistication  of  the  methods  are 
known  to  cover  a wide  spectrum.  Some  the  less 
complex  but  widely  accepted  methods  are  examined, 
assessed,  and  discussed  relative  to  their  degree 
of  conservatism.  To  support  their  assessment, 
the  authors  critically  examined  the  structural 
design  parameters  used  in  the  predictive  methods. 


BACKGROUND 

The  Corps  of  Engineers,  as  the  Army's 
designer  and  builder  of  military  facilities, 
maintains  a continuing  interest  in  the  technol- 
ogy of  the  effects  of  weapons  and  explosions  on 
structures.  The  earliest  design  techniques  were 
related  to  projectile  penetration  and  then  came 
the  great  interest  in  effects  of  nuclear  weapons 
including  blast,  shock,  and  other  associated 
effects.  During  World  War  II,  there  developed 
relatively  crude  procedures  usually  "rule  of 
thumb"  methods  to  estimate  effects  of  accidents 
at  the  many  munitions  and  explosive  manufacturing 
facilities  which  we  rapidly  erected  during  the 
period  1941-1945.  In  the  last  30  years,  problems 
of  design  of  structures  to  resist  the  effects 
of  HE  explosions  have  been  addressed  on  a more 
rational  basis. 

Two  of  the  most  recent  non-nuclear  documents 
reflecting  the  Corps'  efforts  are  TM  5-1300, 
Structures  to  Resist  the  Effects  of  Accidental 
Explosions  (1969),  and  HNDM-1110-1-2 , Suppressive 
Shield  Design  and  Analysis  Handbook  (1977). 

These  documents,  among  other  Corps  references, 
provide  our  basic  guidance.  However,  the  Corps 
design  activities  have  not  been  restricted  to 
these  two  documents. 

Many  methods  conforming  to  other  authorities 
are  also  used.  Some  of  the  most  frequently  used 
methods  are:  (1)  ASCE  Manual  42,  (2)  Air  Force 

Manual  500-8,  (3)  Defense  Civil  Preparedness 
Agency  (now  Federal  Emergency  Management  Agency) 
Protective  Construction,  and  other  texts  usually 
associated  with  structural  dynamics. 


APPROACH 


Our  experience  with  HE  explosions  typically 
centers  on  three  basic  types  of  alrblast  loading: 
(1)  pressure-time  (triangular),  (2)  impulsive, 
and  (3)  the  combination  of  impulsive  and  pressure- 
time loading  as  shown  in  Figure  1. 

Accordingly,  each  of  these  loads  was  sepa- 
rately Included  in  the  analysis.  It  was  consid- 
ered important  that  these  loads  be  treated 
separately  in  view  of  possible  variances  in  con- 
servatism in  the  methods  under  the  different 
loading. 
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Figure  1 

Since  reinforced  concrete  prevails  among  pro- 
tective structures,  we  selected  a reinforced 
concrete  wall  as  the  structural  element  for  our 
assessment  of  the  methods.  After  determining  the 
loads  and  the  structural  elements,  we  proceeded 
with  our  analysis. 


STRUCTURAL  CAP ABILITY 


The  two-way  reinforced  concrete  wall  In 
Figure  2 wan  designed  for  flexure  as  Indicated 
by  the  sain  reinforcement.  No  shear  calculations 
were  made.  For  our  purpose,  it  is  assumed  that 
shear  may  be  adequately  provided.  Flexural 
strength  and  othor  structural  properties  are  tab- 
ulated In  Table  1.  These  were  usod  as  the  basis 
for  calculating  deflection  used  in  our  comparison. 
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Figure  2 


TRUtiOUUB  WAD 

A family  of  curves  is  plotted  for  cite  rein- 
forced concrete  vail  to  predict  the  wall  deflec- 
tion resulting  from  a triangular  pressure-time 
load.  Each  eurve  represents  a specific  ductility 
ratio,  u,  hence  deflection.  See  Figure  J. 
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By  locating  the  coordinate  (t^,  P ),  the 
ductility  ratio  may  bo  estimated  by  interpolating 
between  the  u’s.  For  a ductility  ratio,  u « 3, 
two  curves  arc  shown;  one  for  TH  5-1300  method 
and  th.v  other  for  the  suppressive  shield  method. 
All  the  other  methods  previously  discussed  are 
distributed  in  the  shaded  band.  A close  observa- 
tion indicates  that  the  TM  5-1300  curve  is  more 
conservative  than  the  others,  because  being  on  the 
lower  side  of  the  shaded  band  it  has  more  restric- 
tions on  the  limits  of  pressure  and  duration  for 
the  given  ductility  ratio,  u *»  3.  The  Suppressive 
Shield  Handbook  cur’,'  is  less  restrictive,  allow- 
ing 25  percent  higher  pressures  for  the  same  dura- 
tion and  ductility  ratio. 


IMPULSIVE  LOAD 

When  the  wall  is  impulse  sensitive  from  close- 
in  explosions,  deflections  are  also  predictable. 
Based  on  the  curves  In  Figure  4,  the  TM  5-1300 
curve  on  the  lower  side  of  the  shaded  band  is  con- 
servative because  being  on  the  lower  side  of  the 
shaded  hand,  it  has  more  restrictions  on  the 
limits  of  the  Impulse  for  a given  deflection.  The 
Suppressive  Shield  Handbook  curve  is  lean  restric- 
tive allowing  20  percent  higher  impulse  for  the 
same  deflection.  Curves  for  the  other  metnods 
ere  distributed  within  the  shaded  band. 


sef-ectios  cf  Mwoosceo 
cones*  r*  wiu  - mm  wve 
u&oma 


* Viti 


»^a  «> 


>l*C'Os 


V 


* » 

8 * e M * i,  „ v Mi:  Ml  U *,  V fcU 

su:«u?)  a»na  M 


Btf.eiMMi  ■ •„».  Huaa*- 


Figure  4 
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The  eoebtned  load  consists  of  an  impulsive 
load  followed  by  a prolonged  gaa  pressure.  A 
fasily  of  curves  ia  shown  in  Figure  5 apt  each 
curve  represents  a epesifie  duetiHty  ratio,  u. 


After  locating  the  coordinate  (r»s,  ir).  the  due- 
tility  ratio,  ti,  can  ho  estimated  by  interpola- 
tion between  u's.  The  ductility  ratio  curve  u * 3 
for  TM  5-1300  and  the  Suppressive  Shield  Handbook 
methods  arc  shown.  It  can  be  demonstrated  again 
that  the  TM  5-1300  curve  on  the  lower  side  of  the 
shaded  band  is  more  conservative  than  the 
Suppressive  Shield  Handbook  curve  on  the  upper 
side  of  the  band.  TO  5-1300  is  more  restrictive 
on  the  limits  of  impulse  and  gas  pressure  for  a 
given  ductility  ratio,  u • 3.  The  Suppressive 
Shield  curve  is  less  restrictive  allowing  15 
percent  impulse  or  30  percent  higher  gas  pressure 
for  rhe  same  ductility  ratio. 
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ASSUMPTIONS 

Four  factor*  influence  the  differences  in  the 
predictive  methods;  yield  lino  assumption,  moment 
of  inertia,  modulus  of  elasticity  and  stiffness.  As 
expected,  the  variance  within  these  factors  are  the 
basis  for  the  differences  in  the  predicted  deflec- 
tion. 


YIELD  LINE 

In  most  two-vuy  slab  designs,  the  effective 
unit  resisting  moments  arc  assumed  to  be  uniform- 
ly distributed  ott  the  yield  lines.  In  TM  5-1300, 
the  effective  resisting  moment  at  the  corners  arc 
reduced  by  one  third.  This  reduction  causes  the 
TM  5-1300  method  to  be  significantly  conservative. 
See  Figure  3. 
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the  charge  weight,  distance  and  load  para- 
setera  are  shown  in  Figure  6.  These  numbers 
provide  an  appreciation  for  the  magnitude  Involv  i 
and  an  understanding  of  ttie  curves.  Applying  load 
parameters  on  the  wall,  defleet  tests  are  estimated 
by  using  Figures  3,  4 , and  5.  These  exaaples  are 
not  restricted  te  any  one  method,  l.e.,  both  TM  5- 
1300  and  Suppressive  Shield  methods  are  used  below. 


For  the  8000*  TOT  at  100  feet,  where  Fc  « ‘10 
pat  and  tf  - 16  as,  select  froe  Figure  1 1TM  5- 
1300  curve)  approximate  u * 1.4  of  Xg  * uXy  * 1.4 
x 0.13  in.  a 0.2  in.  For  the  512  lb.  TOT  at  10 
feet,  where  if  w 1^20  psi-ss,  select  froa  Figure 
4 (Suppressive  Shield  curve)  Xa  3 3-4  *»• 

For  the  contained  8 lb.  TNT  at  5 feet,  where 
tf  a 186  pai-as  and  Fgs  » 84  psi,  select  free 
Figure  5 (TO  5-1300  curve)  approximate  u 3 1.3  er 
» 1,3  x 0.13  a 0.2  in.  These  deflections 
compare  well  with  the  calculated  Ha  In  Table  1. 


MOMENT  OF  INE8TU 

The  formulas  for  moments  of  inertia  are  shewn 
la  Figure  8. 
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Figure  8 


Appreciable  difference  in  la  appears  when  the 
stab  thickness  is  small.  This  Is  attributable  to 
the  use  of  *“f“  in  TM  5-1300  and  “4“  in  the  other 
methods. 


MODULUS  or  ELASTlClTT 


DISCUSSION 


When  MOO  psi  concrete  is  specified,  the  Ec 
in  Figure  9 l*  the  sane  for  all  methods.  See 
intersection  of  curves. 
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Figure  9 

Since  woat  concrete  strength  for  alrblast 
loads  exceed  4000  pst,  a difference  in  modulus 
of  elasticity  is  unavoidable. 


The  assessment  on  the  relative  conservatisms 
are  based  on  alrblast  data  from  TM  3-1300  curves. 
The  more  recent  data  In  the  Suppressive  Shield 
Handbook  is  significantly  different.  The  differ- 
ence In  Impulse  Is  seen  In  rigure  10.  TM  5-1300 
Is  as  much  as  f>0  percent  higher. 


If  the  latest  data  wore  separately  used  In 
the  Suppressive  Shield  Handbook  method,  the 
differences  In  conserve! ism  between  methods  would 
be  more  pronounced. 


ST  ir  mss 

With  ttie  except  ton  of  protective  construction 
and  Manual  42,  the  equivalent  stiffnesses  are  used. 
From  our  preceding  example,  the  stiffness  by  Manual 
42  la  significantly  higher  as  shown  belowi 
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We  have  examined  the  extremes  In  the  pre- 
dictive methods.  Of  the  six  methods,  no  compari- 
son was  made  to  how  new  each  related  to  the 
other  In  conservat lean.  The  best  basis  for  judge- 
ment la  the  comparison  of  deflect  tons  In  Table  1. 

in  our  examination  of  the  methods,  we  assumed 
ail  methods  are  conservative.  This  assumption  Is 
suppotted  by  testing  of  full  scale  and  model 
structures  In  previous  Army  programs  associated 
with  the  development  of  Corps  of  Engineers  saantiala 
for  hardened  structures.  Accordingly,  we  consider 
the  assumption  to  be  reasonable. 


CONCLUSION 

In  assessing  the  relative  conservat  las  ot  the 
methods,  the  focus  was  on  both  ends  of  the  spec- 
trum; the  most  conservative  on  one  end  and  the 
least  conservative  sx)  the  other.  We  identified 
the  TM  5-1300  method  as  the  seat  conservative  and 
the  Suppressive  Shield  Handbook  method  as  the 
least  conservative. 


Based  on  the  maximum  deflection,  in 
Tabic  1,  the  order  of  conservatism  beginning  with 
most  conservative  to  least  conservative  follows: 


1.  TM  5-1300 

2.  Manual  42 


3.  Protective  Construction 

4.  Air  Force  Manual 

5.  ltiggs 

6.  Suppress tve  Shield  Handbook 

In  general,  because  of  similarity,  it  would 
be  more  appropriate  to  group  conservatism  as 
follows:  I'M  5-1300  by  Itself  as  the  most  conserva- 

tive; Manual  42,  Protective  Construction,  and  the 
Air  Force  Manual  in  the  intermediate  group;  and 
Biggs  and  the  Suppressive  Shield  Handbook  as  the 
least  conservative  group. 
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